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3.0 AS~C

This report covers the work done during the third quarter on Contract
Ur ~DAAB-07-71-C-0333 for the U. S. Army Electronics Command.

a) The blower-cover assembly described in the Second Quarterly Report
was proof tested on the BA-525 (20 AH) battery at an intermittent

high rate regime, e details of the design ar-. presented and per-
formance data are discussed.

b) A heater system was incorporated in a BA-525 Zinc/Air battery (20
cells, 20 AH) prototype in order to improve cold temperature per-
formance. The battery was evaluated on a high rate pulse regime
using the blower-cover assembly.

c) Endurance tests on air cathodes have continued. Platinum catalyzed
electrodes and silver amalgam electrodes are being continuously polar-
ized at 400 ma per square inch as part of the operating life test.

d) Platinum catalyzed cathodes were fabricated with noble metal (Palladium/
Gold alloy and Gold) plated nickel current collectors. Based upon the
promising results obtained on continuous polarization tests, a BA-525
battery prototype was constructed and evaluated on a high pulse regime.
The battery has undergone forty test cycles, to date, with 40 percent
degradation in performance. Performance data, on this test series, -are
presented and analyzed.

e) The search for new, low cost air cathode construction materials has led
to the development of a silver amalgam electrode which exhibits v;-• y
high rate capability and good electrochemical stability and perfo-Imance.
The silver amalgam cathode was evaluated in multicell stack arrant- *-
ments to determine the effects of the use o. air blowers at low aid
high drain rates and a 1:9 duty cycle regime, in order to determiwr
battery operating performance parameters.

f) A study was made of the zinc anode-electrolyte composite in order to
improve performance at low temperature. Various ratios tif zinc -to
electrolyte (potassium hydroxide), anode structures and elec •r-lyte
composition were investigated.

g) The performance characteristics of a BA-525 battery using the new air
caQie structure and the new zinc anode-electrolyte composite form-
ulation w-ere determined on simulated PRC-70 pulse regime consisting of
one (1) minute of discharge at 7.0 anps and nine (9) minutes of dis-
charge_ at 0.125 amps.

h) We have initiated the finaltzation of a design concept which will lead
to a second &,meration BA-525( )/U (20 amp hr) standard line zinc air
battery with a capabilit- of more reliable operation at higher current
densities over a wide ri•nge of environental conditions.
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5.0 PURPOSE

The purpose of this program is to provide the technology for
the design and development of new high performance mechanic-
ally rechargeable zina/air battdries for field conounication
systems.

6.0 BODY OF ISE RPO RT

6.1 Introduction

This document represents the third quarterly report as defined
in Contract DAAB-07-71-C-0333.

It is the purpose of this contract to conduct a program of
study, design and development leading to the fabrication of
new high performance mechanically rechargeable Zinc/Air bat-
teries capable of meeting the requirements listed in the U. S.
Army Electronics Command Technical Guidelines for New Mechanic-
ally Rechargeable Zinc/Air Battery Design, dated 25 August, 1970.

The program has been divided into seven (7) Tasks, described in
the Technical Plan &tbitted by Yardney for this project and
appended to the first quarterly report (1 July 1971 to 1 November
1971) for this contract. This report presents the work performed
during the period 1 February 1972 to I May 1972.

6.2 Task III AIR CAMDE XELOMPN•T

6.2.1 Performance of Platinum Black Catalyzed Cathodes

Having postulated that the deterioration in cathode performance,
which was observed during cycling of zinc air batteries, resulted
from the formation of an insulating NiO layer on the electrode
ourrent collector, a aeries of experiments wear designed to test
the validity of this postulate.

The experimenýs consisted of (1) Replacing the nickel current
collectors, (2) Using lithiated IiO surface coatings on the Z
nickel current collectors, (3) poisoning the hydrogen reduction
reaction on the platinum surface so that the nickel reduction
arrests became more evident during chrono-potential sweeps, (4)
gold plating our nickel current collectors.

Experimental 20 AH zinc air cells were fabricated, which incorp-
orated the variations listed above. The cells were then tested by
repeatedly discharging them on a transceiver duty cycle regime
consist4.g of one (1) minute at 6.25 amperes and nine (9) minutes
at 0.125 amperes. The cells were discharged for twenty (20) hours
follow-ng which, tb.• expended anzdes wesre :-rwod fr-m the biolll4
and fresh anodes inserted.

m--



6.2.1 Continued

At'the end..of ten (10) cycles, all of the cells, with the ex-
ception of those fabricated with the gold plated nickel grids
exhibited a drop-off in voltage during the high rate discharge
(400 ma per sq. in.) compared to the voltage obtained on the
first cycle. Cells made with the gold plated grid showed ex-
cellent voltage maintenance over the ten (10) cycles. Based
on the results obtained from the improved. catho4e grid struc-
ture, it was decided to fabricate a battery incorporating this
and other system improvements and to subject the unit to a life
cycle test. The details of cell and battery fabrication as
wel as the test results will be found in this report under
paragraph 6.4, Task VI - Design Verification and.Testing.

6.2.2 Endurance Tests on Air Cathodes

As reported in our previous Quarterly reports, air cathodes had
been placed on continuous polarization to determine their oper-
ating life capability in normal air and at ambient room temper-
ature. The purpose- of this test was to establish whether life
was limited by electrode corrosion and/or carbonation and to
determine how many hours of operation could be anticipated as
Smaximu under the test conditions. The electrodes are tested
in a polarization cell, using 31 weight percent KOK and an inert

nickel counter electrode wrapped in a layer of Pellon 2505K inter-
separator. The electrodes are continuously polarized at 400 Ma.
per square inch. Table I gives data (continued from the last

work period) on the polarization voltage of the various elect-
rodes. As can be seen, the life test has brought out some dif-
ferences in polarizatio¶ voltage between cathodes made with
normal loadings (9mg/cm ) of platinum black and low loadings. No
differences were detected between cathodes having high air perme-

ability and cathodes with low air permeability. The standard YED
platinum catalyzed electrode (Type II) operated satisfactorily for
over 30 hours.

Foflowing the continuous polarization tests, the various cathodes
were removed from the test fixture, washed with tap water, dried,
then reassembled into the test fixtvre. The electrodes were then
individually polarized at current "ýasities ranging from 43 to 517
na per square inch and their polarn -tion voltages measured against
a cadzii wire reference electrode. The data are shown in Table TI.

6.2.3 New Cathode Develo2ent Work

During the last quarter, work was initiated on silver-amalgam
cathodes for use in zinc air batteries for high pulse rate appli-

•_ • cations.

It is known that pure silver cath, "•s will not givot good per-
fot=nce on extended test eyeling i' eeuee of re-crystallization ofIt fine particles to larger agglomerates.

-2-
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LTABLE I

&Edurance Tests on YE Air Cathodes

(a) All potentials are given against
Cadmium reference electrodes.

(b) Polarization current density:
400 mA/in2

Electrode Type Catalyst Voltage Operating Voltage-
Loading Initial Time Present
(pt mglc2) (millivolts) (Hours) (millivolts)

1. Type II 5.4 830 3854 764
Vacuum dried
Low loading

2. Type II 6.0 807 4144 791
Vacuum .dried
Low loading

3. Type II
TFE Coagulation time
0.2 min. 9.0 853 2967 834
2.67 min. 9.0 8142 2967 834
14.4 min. 9.0 822 2967 8i6.

4. Type II
Low loading 5.6 846 3090 827

5. Type II
20 AH, STD 10,5 856 3086 825

6. Type II
High permeability 9.0 7 ,91,5-833
( >6 m!/min./in2!•

7. Type II
Low permeability 9.0 808 2945 816
(2 ml/min/in2-)

8. Type II 6.2 836 30CA 828
Low loading
Backing not precured

9. Type II 9.0 826 2945 830
Very high permgability

-(125 -•.imt nl/_n_-)
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6.2.1 Continued

SAt'the end of ten (10) cycles, all of the cells, with the ex-
ception of those fabricatod with the gold plated nickel grids
exhibited a drop-off in voltage during the high rate discharge

5 (1400 ma per sq. in.) compared to the voltage obtained on the
first. cycle. Cells made with the gold plated grid showed ex-
cellent voltage maintenance over the ten (10) cycles. Based
on the results obtained from the improved cathode grid struc-

ture, it was decided to fabricate a battery incorporating this
and other system improvements and to subject the unit to a life
cycle test. The details of cell and battery fabrication as
well as the test results will be found in this report under
paragraph 6.9, Task VI - Design Verification and.Testing,

6.2.2 Endurance Tests on AIr Cathodes

As reported in our previous Quarterly reports, air cathodes had
been placed on continuous polarization to determine their oper-
ating life capability in normal air and at ambient room temper-

Sature. The purpose- of this teat was to establish whether life
was liaited by electrode corrosion and/or carbonation and to
determine how many hours of operation could be anticipated as

a maxmimun under the test conditions. The electrodes are tested
in a polarization cell, using 31 weight percent KOH and an inert
nickel counter electrode wrapped in a layer of Pellon 2505K inter-
separator. The electrodes are continuously polarized at 400 ma.
per square inch. Table I gives data (continued from the last
work period) on the polarization voltage of the various elect-
rodes. As can be seen, the life test has brought oit some dif-
ferences in polarizatio¶ voltage between cathodes wide with
normal loadings (0,.a/em ) of platinum black and low loadings. No
differences were detected between cathodes having high air perme-
ability and cathodes with low air permeability. The standard YE)
platinum catalyzed electrode (Type II) operated satisfactorily for
over 3000 hours.

Following the continuous polarization tests, the various cathodes

were removed from the test fixture, washed with tap water, dried,I- then reassembled into the test fixture. The electrodes were then
individually pol.rized at current densities rangingr f-- I.3 to 517

aa per square inch and their polarization voltages measured against
:- - a cadmium wire reference electrode. The data are shown in Table 3.1*

6.2.3 NowCatode Develolmnt Work

Whring the latqatrwi a niitdo il-wer-amalga-m
cathodes for use in zinc air batteries for high puWee rate appli-
cations,

It is known that pure silver cathodes will not give good per-
foumance on extended test cycling because of re-crystallization of
fine part.cles to larger agglomerates.

-2-
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'.ABLE II

Polarization Data on Cathodes

(Previously Polarized on Endurance Test @400 ma/in2 )

L1

Cath odeType 0.2 n. _.. . 1.67 4... m._ in.._ bac g TFE b.c ng A -
Cathode coag. time coag. time coag, time precred I not p*ecure, permi

I-La n ,/n I-/ 9-em , ,
Ctalyst I ' 'mjc

2

Loading - mg2 !g mg/12 cm2  5.6 10.5; 6.2 9 m cm

SgI -Io~~CV 1012t 10144 ___1002, I7LQQ.OQ"Q14. 2Q 10181

/n 2 I E(m) E(mv) E(mv) E(, v) E(mv) mE(v)

143 50 896 903 8914 902 903 900 899g"

S88• 88 879 888 887 887 884

129 150 1876 878 867 879 876 876 87 4

172 200 869 870 -858 870 868 868 i86517 0

25 0 3 8 848 862 859 857

F258 30 868589848981 1 848
p 3 1 350 ,'852 850 -- 832 :848 8_431 8-45

345 4O0 847, 843 8214 839 .834! 838 83

38q 45 - 834 816 83 2  831 830

4 30 cnn 1 838 1 8,1 . .0 86 823

",, o 83 826 98 808 I07I 816 1816'
S. !517 6ooi 829 819 7 89 ! l11 --! - - -- 1' - -,--

1517 1 l Ii I _:

1 I 'j: i i
: I- : I

- I--=

1- __, ,

-_ __--.

* I



6.2.3 Continued

It was therefore decided to investigate the addition of mer-
cury to prevent the nucleation of silvermuch in the same way
that indium prevents re-crystallization of cadmium. In addition,
work previously done at Yardney has shown the addition of mar-
curio oxide to finely divided catalytic silver gives a cathode
material which exhibits good chemisorption of oxygen with low
electrode polarization.

In practice, the silver amalgam electrode is prepared as follows&
67 parts of fine silver are blended with 33 parts of mercuric
oxide in a ball mill for two (2) hour8. TIhe powder mixture was
blended with 20% by weight solids TPE from a #30 Dupont T"Y
emulsion with an additional 30 parts water for uniform mixing.
The resulting paste was dried in an air oven at 100C for four

(4) hours. Propylene glycol was added to the Teflonated mass
with constant stirring until a globular rubbery dough was ob-
tained. The ASIR/STPE dough was then passed through rollers
until a final film thickness of 25 mils was 2 obtained. The cat-
alye t loading at this thickness was 20 g/ft . The finished strip
was then heated to 300*C for 5 minutes to "cure" the TFE resin
and evaporate the propylene glycol. The cured film was then
pressed onto a 70 mesh Teflonated Ni screen at a temperature and
pressure to sufficiently bond the catalyst layer to the screen,
e.g., 27*C and 800 psi respectively. The final step in the elect-
rode fabrication was to affix an air permeable Teflon hydrophobic
film to the "Air" side of the electrode. This was carried out at

2709C and 100 psi.

Finished electrodes were tested in our cathode polarization ap-
paratus with a view towards ettracterizing the performance of
the Yardney Type II air cathoue for high rate pulse battery ap-
plicetion.

Typical polarization curves for the silver-amalgam cathode are

presented in Figures 1 and 2. It is seen that the electrode shows
good voltage response at the required discharge current densities
(4W) ma per square inch) and could be suitable for use in either
a priW7 or mechanically refuelable zinc air system where high A-
rate capability is desire- .

Twenty ampere hour cells were fabricated using silver amalsam A
cathodes in order to evaluate the cathode material at the high
pulse rates of discharge (1:9 duty cycle, 6.25 amps/0.125 Up).

Three cell -est e rnits were built and tested at room temperatUre.
Four of the six units tested at the above rate delivered more
than twenty-four (24) hours of service to 0.91 volt per cell.
The remaining two (2) units gave twenty-two (22) hours service.
The failures were caused by poor cathode to frame seals.

Typical discharge data for a 20 AH cell with AgJBg cathodes, at
high pulse rates (room temperature) are shown in Table III.

Typical discharge data for a 20 AH cell with AMJHg cathodes, at
high pulse rates (O-P) are shown in Table IV.



S~TABLE III •

DISCHARGE DATA Constant Current
Test: 1 min @ 6.25 A

Ag/Hg Cathodes 9 rin 5 0.125 A
Room Temperature

3 Cell Unit

EM Battery Tested With Blower Assembly

OCv 14.14v CUBRENA2 (AMPS)

Co 4.o6 .125
3.32 6.25
14.033.23 

..

2 4.04
3.22

3 4.04
3.24

3.25
5 4.o4

3.26
6 4.O•4

3.27

3.25
8 4.o4 0

3.25
S9 4.o04

3.22
0 4.o4

10F 3.20VEEN ii I..4.
3.20

1214.o14
3.19

13 14.o14

ff14ý - .E 1-
3.15

E 15 14.o14
3.15

J16 4.o4
3.15

17 4.o4
3.13

-18 4.03
3.11IM iIS19 '4. 32
3.10

S20 4.02
3.09 -6-

S•• •_• I



TABLE 1V

DISCHARGE DATA Test: irmin7.0A
9 min 0.125 A

Ag/Hg Cathodes Temperature - OOF

PI 3 Cell Unit

Battery Tested With Blower. Assembly & i'arasitic Load

OCV 4.31V CURRENT (AMPS)|A

TIME CURS) II
M-7 Z•

0 3.95 1.0 A
3.36 7.0 A

1/2 3.88
[ 3.22

S11/2 3.85
le 3.10

2 3.85
3.0o4

21/2 3.83
3.03!3 3.83

S" 3.03
3 1/2 3.82

3.o4
4 3.83

3.06

4 1/2

S5 3.82

5 1/2 3.83
R-1 t 3.02

6 3.83
3.02 I

6 1/2 3.82
3.01

7 3.81

7 1P 
3.00

8 2.99
v u3.80

2.98
8 1/2 3.79

- " 2.98
9 3.80

2.95
9 1/2 3.79

2.96
i0 3.79

10 1/2 3.78 _

2.94 7z
--7-

"•~~ ~ 1. _-0
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Work was continued during the last quaxter towards optimizingI ~the 20 ampere hour zinc anode composite.

S6.3.1 Our standard anode (designation AZ 20-1) is fabricated by a

FEE pressed powder technique and consists of mold pressing a mix-
ture of 71% zinc powder (New Jersey Zinc Co. Grade #1222),
1.4% mercuric oxide, 23.2% potassium hydroxide and 4.3% potassium
titanate filler onto an expanded copper mesh (Pattern 5 Cu 30-1/0).
The anode tontains 38 grams of zinc powder and measures about 0.16
inches in -icickness after pressing. The electrode is wrapped
with a septrator system comprising one layer of fibrous sausage
casing and one layer of nylon non-woven fabric. The AZ 20-1 anode
anode is depicted in Figures 3 and 4.

6.3.2 Discharge tests conducted on AZ 20-1 anodes have sha*M that, at
the high ratp of discharge (6.25 amps, equivalent to 400 ma per

S;- square inch), anode discharge efficiency was about 45 percent.

Table V summarizes test data on AZ 20-1 anodes at the 6.25 kme-r
rate.

ExaninatIon -f the data show that the AZ 20-1 anode is marginalI]
with respect to capacity and voltage.

6.3.3 In order to :mprove the performance of the 20 ampere hour anode,
we initia•'ed a program of redesign of the anode.

i) Active material was added to the anode. The result is an

anode witi a total weight of 80 grams.

2) The m&.n reparator was changed from fibrous sausage casing to
PUO-1-93 tnplasticized cellophane. The lower electrical re-
sistance cf the latter material in KOH gives a better voltage
responve at' the high rate of discharge.

3) The AZ 20-1 anode contained one grid located in the center of
the ancde. In order to improve electrode conductivity at low
tempereature, we added a second grid. The AZ 20-2 anode is
now constructed with one grid on each -eia of the pistA-="WE

4) The bond between the grid and tab was strengthened by an
additional spot-weld.

6.3.4 AZ 20-2 anodes were fabricated, and tested at the high discharge
Ma- rate (e•idvalent to 400 ma per square inch)*

Test da+ and results will be found in Table VI; As can be seen,
the AZ 2 anode shows a distinct improvement over the previoi 8y1
tested . 20-1 anode.

6.3.5 One thousand (1000) AZ 20-2 anodes were constructed and used for
component and design verification testing.

The test data and a discussion of the results are presented in
Section 6.4 of this report.



TABLE V

AZ 20 Ano)de (AZ 20-1)
Activation 25 cc H 0 - Deionized
Load: f.25 Amps Id 'C 1.00 Vf Cell, 0.2 Vf Ref.

i CODE NO. 0792

SB• r,0. T 204

CELL REF CELL REF CELL REF CELL REF CELL REF

,, L6•w .•. I 8 h. 1.48 hq I.-8 . 1.47 .48
F if 1.286 1.217 .39 1.23 .4o .122 -39 1.23 .38

30' 1.135 .32 1.15 .32 1.16 .33 1.17 .33

1.0 Hr 1.088 1.113 .29 1.14 .29 1.15 .31 1.16 .31

±.; nr i.i07 1.107 .27 1.13 .28 1.15 .30 1.15 .30

2.0 Hr 1.068 1.065 .23 1.089 .25 Lii• .27 1.2 .27

2.5 Hr 1.045 0.931 .20 1.019 .15 1.C, .193 1.07 .21

3.0 Hr 1.010 0.950 .06 .983 .07 .84 .023 .97 .094

3.5 Hr 0.987

14.0 Hr 0.907

4.5 Hr

Time to 1.0 V

-9-
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TEST DISCHARGES

AZ 20 Anode (AZ 20-2)

Actib+-1.on: 15 c-. water (deionized)

Load: 6.25 AmPs to 1.0 Volt per Cell and 0.2 V Ref. vs. Zinc

CODE NO. 0822

[I
BATCH NO. Ezperimental

(1)(2) (3) ()(5)
=iCell Ref. Cell Ref. Cell Ref. Cell Ref. Cell Ref.

OCv 1.51 .50 1.51 .50 1.52 .52 1.51 .51 1.48 -

11 3.:5 .4•o 1.24 .4 1.22 .42 1.21 .42 1.28 -

i.0 hr 1.i6 .38 1.15 .36 1.16 .31 1.12 .35 1.14

1.5 1.14 .36 1.13 .33 1.15 .30 1.10 .32 1.09
2.0 1.11 .35 1.10 .31 1.12 .27 1.07? 30 1.07
2.5 1.09 .33 1.08 .!?8 i.06 .29 1.05
3.0 1.07 .31 1.05 .25 1.07 .21 1.03 .26 1.01
3.5 1.03 .29 1.02 .24 1.03 .19 1.01 .25 .99

4.0 .994 .20 .876 .16 .97 .19 .98 .20 .92

4.5

__ 5.0

_ Time to 1.0 volt 3 Bra. 38' 3 Hra. 35' 3 Hra. 45' 3 Hrs. 35' 3 &ra. 28'
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6.4 TASK VI - DESIGN VERIFICATION AND TESTING

6.4.1 Life Cycle Testing of BA-525 Battery on 150 Watt Regime

A BA-525 Battery (20 ampere-hour, 24 volts) engineering proto-
type was fabricated using cells cortaining gold-plated nickel
grids In order to evaluate the life :yele capability of the
system when tested on the high pulse rate test regime.

6.4.1.1 Battery Fabrication

a) Air Electrodes

The air electrodes, designated as Type III cathoder are co-
primed of a three (3) layer laminate consisting of an expended
nickel 7jesh (c d plated) current collector, an electrochemically
active Platinm lack-TM 'layer and a hydrophobic barrier of 2
sieroporous Teflon. The platinum catalyst loading is 9 mg/cm.
Optimum grid corrosion protection is obtained by giving the
cathode gxid a flash of 80% Gold/20% Palladium Alloy, followed

oy a plating (10oA ) of pure gold.
b) Zinc Anodes

The anode composite was made by mold pressing a mixture con-
asnting of 71 zine poofer (New i erset Zinh afade #1222), of A..
merurwic oxide, 23.2% potassium hydroxide and 4•3% potassium
titanate filler. Each anode consists of 60 gram of powder mixi•and has a thickness of 0,20 inches with a fiia porosity of 60-",.

Two cathodes are epoxy be.nded to a pla-3tie from to form a celn
as shoam in Figure 5.

The battery assembly BA-525( )/U consists of twenty (20) celis as
shown in Figure 6. The general configuration and dimwnsions of
the battery assembly are shown in Dwg. P-6140 "Battery BA-525,

Lihen operating the BA-525 'Qattery on the high pulse rate regime,

it han been found necessar to inoorporate a blower/voltage
control unit into the battery system in order to obtain satis-
factory performance.

Ths blizm'-,o-y-•v aareably ehown in Figure 8 was used in testing
te battery prototype.

6.4a.1.2 Test Renults

Discharge data on the test battery are presented in Table VII. The
battery undervent 40 charge-discharge cycles before its capacity
dropped below 60 percent of the initial capacity. Failure was
due to a short induced by the introduction of a faulty anode in
one of the battery bicells. The short caused extensive cathode
damage.

•; -11-
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TABLE VII

DISCHARGE DATA: BA-525 BATTERiY ON LIFE CYCLE TEST RE•L•4•E"

ROOM TEMPEFL4TURE DISCHARGES

BATTERY 1q0 REC/TRANS, DISCHARGE CURRENT CYCLE OUTPUT HRS OUTPUT HRS
TYPE CELLS DUTY CCLE (AMPS) NO TO 20 V To 18 v

-~ (MINUTES)

Engineer- 20 9:1 0.125/6.25 A 1 25.5 33
ing Sample 2 24.5SIN 004 3 23

4 26.5
5 24.25
6 23

S 23

25-5
9 26.510o 23.5
20 22.75
12 20.5S18s2 0.3/3.0 13 .48 +

14 23.5
15 22.0
16 19.5
27 24.5
18 22.5
19 18.5
20 22.0
21 21.522 21.0

23 21.0

24 (2) (No Test)
25 16
26 18
27 17
28 -7.5
29 18
30 17.5
31 1-6
32 17
33 15.5

34 15. 5
35 it)

wa=36 16
3-7 16

•38 16
39 16
ho 15.5



rr

6.4.2 Operation of the BA-525 Battery with Heater System and Blower
"A~sembly.

6.4.2.1 A final design was established for the BA-525 battery heater-
blower system following the decision to incorporate this an-
cillary equipment in the battery for operation at the 150
watt rate and at low temperature.

S6.4.2.2 The heater system operates from battery power and is rated at
approximately 23 watts. The heaber will be in operation only
when the battery temperature falls below 65*F.

6.4.203 A voltage sensing device will trigger a relay whenever the
battery voltage is above 24 volts. The relay activates a
heater which is wired in parallel with the radio across the
battery. The heating circuit will draw 0.875 A at 25.5 volts.

6.4,2,4 When the operator -goes to the transmit mode (high rate) and the
battery voltage f,11- b-clow the 24.5 volt limit, the heater sub-
stdes and the blower starts. At no time will the heater and
blower op-orate together. The blower requires .150 A and will
operate du"inr the transmit cycle at any temperature.

6.4.2.5 The Heater-Blower circuitry is shown in Figure 9.

6.4,.2.6 The Battery blower-cover assembly and the blower cover outline

are shown in Figures 8 and 10.

6.4.2.7 One twenty cell battery (BA-525) was discharged at cold temp-
erature (O0F) at the 7.0 amp/0.125 amp rate (109 duty cycle).
The battery yielded 6f hours to 20 volts. Ole data have been
plotted in Figure 11.

6.4.2.8 For reference purposes, the same battery wa" discharged at room
temperature 75*F at the 7.0 amp/0.125 amp rate (1:9 duty cycle).
The battery yielded 21 hourt to 20 volts.
The results are presented in Figure 12.

M
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7.0 Conclusions

1. A BA-525 (20 AH) zinc/air battery was proof-tested at the
PRC-70 radio high rate regime. The battery war, tested using
a blower-cover assembly mounted on the unit. The battery
system gave satisfactory performance on the high rate pulse
regime.

2. It was found necessary to incorporate a heater system in the
BA-525 zinc/air battery in order to improve its cold temper-
ature performance.

3. The search for new, low cost air cathodes, has led to the
development of a silver amalgam electrode which exhibits ýeryI high rate capability and good electrochemical stabililt and

S• ~perfor~mace.

S-. N o b l e m e t a l p l a t e d n i ck e l c u r r e n t e , l l e ctA ir s a p p e a r t o im p ro v e
the capacity maintenance of platinuL catalyzed cathodes on high
rate pulse discharge regimes.

5. Three cell stacks employing a silver-amalgam cathode were tested
to determine the effect of air blowars at low and high drain
rates and on a 1:9 duty cycle regime. The multiceil stacks
showed good initial performance. The silver amalgam cathodes

F substantially reduce the cost of the zinc/air system.

6. A study of the zinc anode-electrolyte composite has shown that
the standard 20 AH anode used in the BA-525 battery delivers only

I 20% of its room temperature capacity when tested at OOF. Various
L ratios of zinc to KOH, changes in anode grid structures and electto-

lyte composition were shown to give improved performance at low
temperature.

7. Based upon the performance character# otics of a BA-525 battery,
obtained on a simulated PRC-70 regime, using a new air cathode
structure and a new zinc anode formulation, we have initiated the
finalization of a design concept which will lead to a second

Igeneration BA-525( )/I (20 amp-hr) standard line zinc/air battery
with a capability of more reliable operation at higher current
densitiei over a wide range of environmental conditions.It

Not's
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